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Development of Future F a c i l i t i e s  can be c a r r i e d  out  using two of t he  l abo ra to ry ' s  
Pion Spectrome ter  e x i s t i n g  h e l i c a l  cathode propor t ional  counters.  
The QDDM spectrograph is  l imi t ed  i n  its The b a s i c  p rope r t i e s  of t he  spectrograph a r e  given 
usefulness f o r  pion experiments by i t s  smal l  i n  Table 5.  Of major s ign i f i cance  t o  t he  pion 
momentum b i t e  (3%),  small s o l i d  angle ( 3  msr) , experiments w i l l  be  t he  f a c t o r  of 10 inc rease  i n  
and long f l i g h t  path (6.1 m). H. Enge of s o l i d  angle  compared t o  t he  QDDM, f a c t o r  of 20 
Deuteron Inc. was comissioned t o  design a increase  i n  momentum range, and f a c t o r  of 3 decrease  
spectrograph of modest energy r e so lu t ion  which i n  path length.  
would overcome these  l i m i t a t i o n s  f o r  pion ex- 
Table 5. Pe r t i nen t  parameters of t h e  pion 
periments. The design i s  now complete and a spectrometer 
b id  s p e c i f i c a t i o n  package is  now being prepared. 1. Orbi t  rad ius  46.8 cm max 
28.8 cm min 
Figure 1 3  shows a schematic representa t ion  of t he  2. Angular range 25' t o  135' continuously 
0' t o  10' f i xed  s e t t i n g  
pion spectrograph which c o n s i s t s  of two quadru- 3. Angular acceptance + 100 mrd h o r i z o n t a l  
- 
+ 100 mrd v e r t i c a l  
- 
pole magnets, and a s p l i t  d ipole  magnet. 4. Sol id  angle 35 msr low momentum t o  
16 msr high momentum 
The spectrograph w i l l  r equ i r e  measurement 5. Magnet gap 5.76 cm 
of both pos i t i on  and angle of  entrance.  This 6. Magnetic f i e l d  s t r eng th  1.0 t o  16.0 kG 
7. Momentum range 1.625 
(pmaxl pmin) 
8. Maximum pion energy 125 MeV 
PION SPECTROGRAPH ( a t  16 kG) 
A 9 .  Focal plane angle 40" 
10. Dispersion along f o c a l  1.1 
su r face  (cm/% mom) 
11. Resolution (AEIE) .2% 
@ f u l l  s o l i d  angle  
12. Horizontal  magnificat ion 0 .3  
13. Horizontal  angular  3.2 
magnificat ion 
14. V e r t i c a l  angular  0.3 t o  0.4 
magnificat ion 
15. V e r t i c a l  image a t  f u l l  4.0 cm max 
s o l i d  angle 
SCALE = 1/10 
I 
Beam Swinger for Neutron Time-of-Flight 
Experiments 
Figure 13. Schematic r ep re sen ta t i on  of t h e  
pion spectrometer. 
A beam swinger f a c i l i t y  f o r  neutron time-of- 
f l i g h t  experiments is under cons t ruc t iont .  The scheme 
u t i l i z e s  t h ree  magnets a s  shown i n  Figure 14. The 
f i r s t  magnet bends t he  beam away from i t s  o r i g i n a l  
p a t h  and i n t o  a  second magnet which focuses  
t h e  beam o n t o  t h e  t a r g e t .  The a n g l e  of i n c i -  
dence on t h e  t a r g e t  depends on how f a r  t h e  beam 
was d e f l e c t e d  by t h e  f i r s t  magnet, s o  t h e  com- 
bined e f f e c t  o f  t h e  two magnets is  t o  p rov ide  
a  v a r i a b l e  a n g l e  of inc idence .  The t h i r d  
magnet sweeps t h e  charged beam p a r t i c l e s  away 
from t h e  f l i g h t  pa th  and i n t o  a  beam dump. 
The magnets p rov ide  a  26' swing f o r  200 
MeV pro tons .  Semipermanent f l i g h t  s t a t i o n s  
w i l l  b e  s e t  up t o  a l low coverage of  forward 
a n g l e s  from 0 - 60' w i t h  long  f l i g h t  pa ths .  
The swinger  i t s e l f  a l lows  coverage o f  a n g l e s  
a l l  t h e  way back t o  180' excep t  f o r  a  15' 
reg ion  around 135' which is shadowed by t h e  
magnet yoke. F igure  1 5  shows t h e  planned layout .  
The use  of  f i x e d  f l i g h t  p a t h s  w i t h  a  swing- 
i n g  beam g e t s  around some d i f f i c u l t  problems 
p e c u l i a r  t o  neu t ron  experiments. It a l lows  
one t o  r e t a i n  a  f i x e d  geometry of  c o l l i m a t o r s  
and s h i e l d s  a s  one changes t h e  a n g l e  of obser-  
v a t i o n ,  s o  t h e  background and i n s c a t t e r i n g  do n o t  
change w i t h  ang le .  Also t h e  t h r e s h o l d ,  and 
hence t h e  e f f i c i e n c y ,  o f  a  neu t ron  d e t e c t o r  
u s u a l l y  changes i f  t h e  d e t e c t o r  i s  moved, s o  a  
f i x e d  d e t e c t o r  avo ids  many problems of c a l i b r a t i n g  
and s t a b i l i z i n g  parameters  t h a t  a f f e c t  e f f i c i e n c y .  
The f i r s t  two magnets, o r i g i n a l l y  b u i l t  f o r  
s i m i l a r  use  i n  Oak Ridge, have been moved t o  IUCF. 
The beam dump magnet is b e i n g  b u i l t  from an o l d  
magnet yoke a v a i l a b l e  a t  IUCF. The t a r g e t  chamber 
i s  designed and c o n s t r u c t i o n  w i l l  commence soon. 
We expect  t h e  t ime  r e s o l u t i o n  of t h e  o v e r a l l  
system t o  b e  about  500 ps.  The corresponding energy 
r e s o l u t i o n  a s  a  f u n c t i o n  of neu t ron  energy is shown 
i n  F igure  16.  This  f a c i l i t y  w i l l  p rov ide  unique 
c a p a b i l i t i e s  f o r  t h e  s t u d y  of  (p ,n) r e a c t i o n s  sub- 
s t a n t i a l l y  b e t t e r  i n  r e s o l u t i o n  and e a s e  of o p e r a t i o n  
than  any o t h e r  t ime-of - f l igh t  f a c i l i t y  i n  t h i s  
energy range. 
The r e s e a r c h  uses  i n c l u d e  s t u d i e s  o f  g i a n t  spin-  
f l i p  ( r e l a t e d  t o  MI) resonances,  sea rches  f o r  h igh  
a n g u l a r  momentum p a r t i c l e - h o l e  s t a t e s ,  and 
F igure  14.  The t h r e e  magnet beam swinger system. 
The s i x  r e p r e s e n t a t i v e  beam p a t h s  show how t h e  
a n g l e  o f  inc idence  of  beam on t h e  t a r g e t  is  
v a r i e d .  The beam dump magnet can b e  energ ized  
i n  e i t h e r  p o l a r i t y  t o  bend t h e  beam t o  t h e  r i g h t  
o r  l e f t  a s  r e q u i r e d  f o r  t h e  a n g l e  o f  i n c i d e n c e  





measurements t o  determine the  i sovector  terms 
i n  t he  o p t i c a l  model po t en t i a l .  
INDIANA UNIVERSITY CYCLOTRON FACILITY 
EXPERIMENTAL AREA LAYOUT 
Collaborators i n  t h i s  e f f o r t  a r e  C.D. Goodman, Oak 
Ridge National  Laboratory; M.B. Greenf ie ld ,  and C.A. 
Goulding, F lo r ida  A & M Univers i ty ;  J .  Rapaport and 
D. Bainum, Ohio Universi ty,  and C.C. Fos t e r ,  IUCF. 
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Figure 15. Floor p lan  f o r  t h e  beam swinger system. The long f l i g h t  
- -- - 






Energy resolution for 
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Figure 16.  Energy r e so lu t ion  a s  a funct ion  of neutron energy f o r  
time r e so lu t ion  of 500 ps and a 30 m f l i g h t  path. 
